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ABSTRACT 
When the first w e l l  is d r i l l e d  a t  a geothermal f i e l d ,  procedures for 
t h e  c leaning ,  repair, and c o n t r o l  of w e l l s  should be established. 
This  aspec t  w i l l  be inc reas ing ly  important as more w e l l s  are d r i l l ed .  
Equipnent, tools and techniques need t o  be improved to  achieve eco-. 
nomic and safe r e s u l t s .  
Di f fe ren t  systems have been developed and appl ied  i n  maintenance of 
w e l l s ,  i n  problems of c a s i n g  i n c r u s t a t i o n s ,  r e p a i r s ,  plugging, and 
w e l l  con t ro l .  These systems should be improved, even though they  have 
been reasonably s a t i s f a c t o r y  t o  date. 
I 
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According to the experience we have had in Cerro Prieto, from 
the moment the first geothermal we11 is built, inspection, repairs 
and maintenance jobs will be possibly needed, and as the number of 
wells increases with time, Ne will briefly emphasize the causes 
that have originated damages that later need to be repaired. Table 
1 shows some of these causes, some of which are of the constructive 
type, due to different problems during drilling, and above all, the 
most frequent is failures in the cementing operations, which later 
develop problems in casings. Thermal conditions associated to the 
shallow aquifer existing in Cerro Prieto, may easily provoque 
thermal shocks whose effects are damaging to casings: another im- 
portant aspect is the design capacity of the casings used, that is 
based in oil well criterea A.P.I.,and does not contemplate excessive 
temperatures, that at any moment may affect them, with the decline 
of the mechanical capacity. 
geothermal well is not done w2th the appropiate precautions, here, 
water or mud packs may easily originate collapses and damage serious -
ly the casing. 
that may have originated in the inside as well asin the outside of 
casings. The solution of this problem has needed the most expensive 
repairs in Cerro Prieto. Sometimes, the problem has occured two and 
a half years after a well is finished. 
hk’ 
Tf the starting and development of a 
As time passed, it has been frequent to detect corrosion damages 
The series of mechanical elements that are used ordinarily for 
the inspection, cleaning of scales, as well as repairs in Cerro 
Prieto, are shown in Figure 1. These operations were done with no 
safety devices to protect personnel as well as equipment, to ope- 
rate tools in live wells, that I s  flowing, and according to the 
operations performed. 
ing systems to protect the rubbers in strippers or preventors, of 
course the substructure of the equipment used should have the ade- 
quate dimensions, as it is the case of the drilling equipment, which 
needs a cooling tower, and in this case, this is more necessary than 
during drilling, and a pumping equipment capable of controlling 
any type of pressure, that in Cerro Prieto may go up to 1250 lb/psi 
in the well head. 
Some of these mechanical elements have cool- 
PROBLEMS IN GEOTHERMAL WELLS 
A summary of the problems encountered in different wells built 
in Cerro Prieto, is presented in Table 2, such as collapses, frac- 
tures, galvanic corrosions, scaling, cement degradation and even 
blowouts. This Table reports a total of 27 repaired wells, against 
80 wells built up to date, that represent a little over 30% of 
damaged wells, which undoubtedly is a high percentage, consider- 
ing that the first five years, damages in casings caused by frac- 
tures and collapses, made up a 100% of wells built during that 
time. This Table clearly emphasizes the three fundamental problems, 
scaling, fractures and collapses, according to their incidence in 
Cerro Prieto Wells. 
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We have had two serious blowouts, one in Well M-8, caused by 
the failure of the anchoring threads of the valve tree, and another 
in which the fracturing of the production casing at 
more or less 200 m. depth, allowed the flow of geothermal fluid. 
Fortunately, both problems were soon under control, making the pro- 
per repairs, and both wells are satisfactorily producing. 
Other less important problems of this type, were also easily 
managed. Table 3 resumes the problems and the detection of them, 
the equipment used and the results obtained for the previous ins- 
pection and detection, through caliper logs, and flowing conditions, 
using the drilling tools, globe calipers 'and lead impression seals 
when temperature permits. etected .by the first ins- 
pection, are considered t he best thing to do is to 
depress the well to make a'n. inspection by lectrical and 
caliper logs, chemical analysfs of the flu been helpful; 
sometimes, other methods were used td. actures by special 
seals, and even investigations of cor metal losses, 
support an adequate repair program using rollers mills, hydraulic 
tests., etc. Cleaning the scales is done through the bit while the 
well is flowing, other times it is necessary to squeeze cement, and 
this method does not always work well, having the slurry a poor 
setting or none at all. Zn the case of fractures or metal loss, a 
new casing should be installed and recemented. Blowouts have been 
managed depending on the prevailing circumstances, using drilling 
mud, cement slurry and heavy muds with barite, until choking the 
well and the proper mechanical elements are restituted or installed. 
When damages are considered to be very severe, wells have been 
abandoned, as wells M-21, M-38, M-39 and M-3. Well M-3 was one of 
the last ones to be abandoned. Further details will give us a 
clear idea of this aspect. 
dd in Well M-13c 
The results obtained from investigations an inspections, 
REPAIRED. WELLS 
After a thorough~inspection of the group of repaired wells, it 
was decided to carry out the repair program, taking in consideration 
costs and the possibility of achieving-a satisfactory result. 
these wells, we mention some cases that will illustrate certain as- 
pects of the repair jobs', as well as difficult situations that the 
problem generated. 'In each of the examples given the original cons- 
tructive conditions 
solved when the repa was concluded. 
WELL M-45.- This well was finished in 1973 ,  kept in reserve for 
its application and its owing to the surface was controlled by ca- 
liper logs. In, D e c e e  1975; a decrease in the inside diameter of 
the production caejing't'was detected. Figure 2 ,  problem that evolved 
until the casing w totallyvcrushed mechanical and electrical ca- 
librations and 'hyd 
Corrosion and metal.'loss were found at 2400 ft. and several fractured 
Of 
1, be presented, the problem and how it was 
lic tests confirmed a fracture in the casing. 
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zones. Degradation and loss of cement in the annular space, between 
the formations and the 7 518'' casing, were detected, confirming a 
pressure flow through the fractures towards the surface, and behind 
the production casing. 
caused by thinning and crushing of casings. The operation was easy 
and normal, after several cement injections a 5" j 3  liner was instal- 
led and cemented to cover the fractures; it got stuck and the well 
was cemented at this spot, This well was put into production and has 
been operating in the System, It is important to note that excessive 
corrosion occured in the casings before this well began producing. 
(s' 
This well was repaired using rollers to straighten collapses 
WELL M-53.- This well was built in 1978, of the semi-exploratg 
ry type and is located in Block Cerre Prieto 111, almost North of 
the Geothermal Plant. 
the lower part of a 7 5/8" jf production casing reached a depth of 
1155 ft.,where a liner was suspended to 6548 ft., Figure 3. 
Due to the position and distance of this well, with respect 
the Plant at the time it was built, it could not be used and was 
kept flowing to maintain its temperature. Approximately three years 
after its construction, irregularities in the inside diameter of the 
liner and the production casing, were reported, a collapse at 1700 
ft. in the 7 5/8" g casing, corrosion and metal loss, as well as ce 
ment degradation at 3686 ft., more or less 200 ft. below the relatzve 
position of the 11 3/4" j 3  casing. Finally, scaling of the top of 
the liner, where the slotting began. 
Drilling and completion jobs were normal and 
to 
Analysis of the damages helped to design a repair program which 
started with rolling the production casing and recalibrating the ori 
ginal diameter, Cement squeezes were made and a 5 "  cemented liner- 
was installed to cover the damaged zone of the production casing. 
This well was repaired in April, 1978, and began its exploitation 
with a production of 49.5 tonnfir. 
WELL M-103.- This well was built in 1978,and during its cons- 
tructive process a severe fishing problem was encountered. It was 
decided to deviate the hole and it is the only well in this conditions 
in Cerro Prieto. The total depth reached was 6211 ft., Figure 4. A 
9 5/8" production casing with a suspended 7" g liner was installed. 
This well is located in the area of Cerro Prieto 11, and immediately 
operated after its completion; further irregularities were found in 
the production casing. 
severe damages caused by corrosion and erosion, in the 9 5/8" f8 
casing, exactly in the contraflexure zone where casing operates as 
a fluid separator and water concentrates an the outside of this zone, 
causing erosion. Fractures and scaling in the liner were also found. 
Under the circumstances, and taking in consideration high tempera- 
ture, pressure and capacity of this well, it was decided to make the 
necessary repairs, hanging and cementing a second 7" 9 production 
casing, and suspending from it a 5" g liner, which in this case was 
The results of the inspection reported 
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not cemented. This method worked fine and the well is in production. 
Deviation and the problems that under this circumstance may occur, 
u m a k e  this an interesting case. 
WELL M - 3 . -  In this well one may find the greatest variety of 
problems that in different form have been detected in other wells 
at Cerro Prieto. Its construction was finished in 1964, projected 
as a semi-exploratory well, reaching a depth of 8610 ft., granites' 
were found and the maximum temperature was from 1068'to 2597 ft. In 
this well a conductor and 11 3/4" 
cemented and perforated in the producing zone. Used in different 
studies and investigations, it was kept in reserve awaiting its 
possible application, considerlng the distance of this well with res 
pect to the Plant. 
construction, reported the conditions indicated in Figure' 5. In 
this case, the damages found were severe. 
in front of the perforated zone, collapses and fractures in casings 
at 620 ft., inside corrosion and outside metal loss, at 341 and 750 
ft., and a dangerous hot water concentration at the natural surface 
level. 
production casing were installed, 
-
An inspection carried out.15 years after its 
Scaling of the first 500 m. 
Temperature logs detected the problem and it was difficult to 
understand how a water pack had developed; cement degradation be- 
tween casing and the formation, later explained the filtering of 
geothermal fluids to the surface originated the hot water concen- 
tration and the threat of a blowout. Investigatiop, inspection and 
repairs, proceeded with difficulties and there wkke dangerous hot 
mud explosions. 
head, to inject cement slurry several times, with and without a 
packer, with poor results. Setting of.slurry was not normal. 
The existing damage in the 11 3/4" j8 casing, as well as the 
cement degradation, prevented a safe constructive condition to in- 
sure its application for exploitation and investigations. 
reason, this well was permanently plugged and abandoned. Loose 
casing fragments were eliminated from the conductor, existing in 
front of the gun perforated zone, to inject 
producing zone using a Baker packer, large es of slurry were 
used to obtain good seals an left at 2040 ft. 
well, to detect any hot fluids flowing from the reservoir to the 
surface, behind the conductor, in is case, the bottom plug had 
to be cleaned once more or its age and condi- 
tions in which it was found shows all damages 
in the inside an s the cement alter- 
ation, that was ly modified with silica flour and per- 
lite, indicates eed of finding and testing new cements 
that will better tolerate hydr 
Special safety equipment was used at the well 
For this 
ent directly into the 
A systematic and conven carried out in this 
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BLOWOUT WELLS 
During the time in which drilling has been performed in Cerro 
Prieto, we have had the problem of blowouts in some wells, being the 
most severe those that have occured in wells M-8 and M-13. In the 
first case, the problem originated when the anchor thread failed and 
the valve tree fell off from the threaded well head. The anchoring 
was in the 16" $l casing, with round threads and 8 leads per inch. 
Fluid vibrations have three phases, and are common in these wells, 
may easily cause this type of problem. For this reason, in the pre -
sent well heads are welded in and out. 
Control of well M-13 was lost when the 11 3/4" j8 casing frac- 
tured, allowing water-steam mixture to flow into the surrounding 
formations, reaching the surface and forming a crater at a distance 
of 125 m. from the well, operating vertically the flow was control- 
led, but reappeared at the cellar. Control operations of different 
nature, were carried out in both cases. 
In well M-8 it was necessary to replace the well head with a 
special s l i p  installed in the 16'' fJ casing, welded and control 
supported, definitely choking the well. This operation took 25 
days and was normal. Later, the well was inspected and repaired 
to be connected to the system where it has been operating for 15 
years. 
The problem in well M-13 was different and its control was re- 
gained by injecting heavy mud with barite through a tubing inserted 
that kept the well flowing. Cement slurry and drilling muds were 
injected several times. This operation lasted 12 weeks, the well 
was repaired and kept in observation for study and investigation. 
Losses in other wells were minor and easily controlled, as in 
wells M-38, M-46, etc,, due to faulty operations or failures in the 
master valve, as in well M-46, and other unexpected situations, such 
as the throwing of a silica abrasive type of sand, which seriously 
damaged the valve tree, 
with methods proper to the circumstance that prevailed in each well. 
Table 4 is a brief summary of all the cases we have mentioned, and 
the basic idea of control applied in each case, is given, 
All these cases were easily controlled, 
The threat of a blowout in geothermal wells, undoubtedly will 
always be present, and corrective measures should be taken to pre- 
vent it, for economic reasons and the serious damages it causes, 
especially when it happens in operating wells, near a generating 
plant, that could take it out of the system by sending salty water 
from the uncontrolled well. 
VALVE TREE 
Through time, a maintenance and repair aspect refering to the 
anchoring elements and the valve tree, has been present in Cerro 
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Prieto. Figure 6 shows diagrams indicating the evolution in the 
design of the valve tree used in Cerro Prieto, and the problem . 
most frequent with time, was the salt, gas and electrolytic 
corrosion. The design of the tree, from stages 1 through 4 ,  con- 
templates some aspects such as casing expansion support, production 
as well as anchorage, reduction or elimination of fluid vibrations, 
and avoidance of possible cavities and damages to the mechanical 
elements of the tree, and above all, removal of valves that had 
been used during drilling, and during the production stage generated 
corrosion zones and possible leaks, when they are below the master 
valve; in this circumstance, the well has to be depressed and choked 
for the removal of the valve or the repair. 
Valve trees should be supported by a sound structure, resting 
on a reinforced concrete cellar and the adequate 
served, to avoid mechanical stresses between the platform and the 
valve tree, that are common with expansion and contractions. 
valve tree, reducing the mechanical capacity of the anchoring 
casing. 
installations ob- 
Besides vibrations, casings frequently magnetize with the 
MAINTENANCE AND REPAIR COSTS 
We consider it necessary to give a general idea of the average 
cost of maintenance and repair of wells. In Cerro Prieto, of the 
20 repaired wells, inspection and scaling removal amount to 8% of 
the total cost of the well. 
including inspection, rolling, milling, squeeze cementing, casing 
installation cementing, etc., make 24% of the total cost of a 
new well.  abl le 5. 
On the other hand, important repairs, 
Statistics show steam production of repaired wells diminishes 
in 50% of the original volume, but is kept frequently between 20% 
or 30% drecrease. In other words, according to studies carried out, 
and from an economic point of view, it is justifying to repair wells. 
CONCLUSIONS AND RECOMMENDATIONS 
We consider the human factor an immediate conclusion to be in- 
cluded in drilling projects, specialized in the repair of this 
type of wells, as well as ,the proper equipment, tools and accesories, 
to perform operations, and that unfortunately do not follow charac- 
teristics common to oil wells. 
fields should be taken in consideration to guide decisions to this 
respect, and to avoid problems as blowouts, which is one of the most 
serious; scaling and repairs in the reservoir. An appropiate me- 
thod for training personnel should be found, and may be in operat- 
ing fields having theses experiences. Table 6. I_ 
a1 capacities in casings, appropiate cements, as well as couplings, 
All the experiences of operating 
It is essential to search for steel alloys with greater mechanic - 
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shoes, and other accessories, which will give safety to the instal- 
safely for at least 10 years. The problem of scaling, properly 
managed, does not represent a serious problem. 
to perform maintenance and repair operations, that will give as a 
result an important saving in the costs of operating a Geothermal 
Field. 
lations, to increase the life span of wells and keep them flowing L 
Ideas and the design of adequate new tools should be improved 
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CAUSING FACTORS OF ANOMALIES IN 
CERRO PRIETO GEOTHERMAL WELLS 
TEMPERATURE: BOTTOM TEMPERATURE UP 572 OF 
UMN: FRESH AQUIFERS UNTIL 1640' 
CASING IS USED AS PRODUCTION PIPE, 
JOINED TO CASING STICKING,LOST 
CIRCULATION AND CEMENT CHANNELING. 
UCTSON : 
LIMITED CAPACITY TO WITHSTAND,TENSION 
COMPRESSION AND COLLAPSE STRESSES, 
CAUSED " BY THERMIC EFFECTS. 
WELLS HEAT FAST, AN 
WELLS DEVELOPMENT: INCONVENIENT THERMIC SHOCK IS 
CAUSED TO CASING. 
CASING CORROSION IS DETECTED WHEN THE 
I'ME : W L IS REPAlREO,CASlNG SHOWS SEVERE 
DAMAGES AND CEMENT TURNS DUSTY 
THROUGH TIME. 
T A B L E  1-' 
E 
PROBLEMS 
IN THE 
IN G E O T H E R M A L  WELLS 
CERRO PRIETO AREA 
SYMBOLOGY TYPE O F  PROBLEM 
0 
# 
II 
B 
C O L L A P S E  
B R E A K  
C O L  L A P S E - B R E A K  
GALVANIC AND ELECTROLYTIC 
CORROSION 
S C A L E  
CEMENT DEGRADATION 
B L O W O U T  
T O T A L  B U I L T  W E L L S  
T O T A L  R E  PA1 R E D WELLS 
2 T A B L E  
NUMBER OF WELLS 
THAT PRESENT 
I O  
12 
7 
3 
. I  2 
2 
4 
80 
27 
IT 
c 
C c 
MAINTENANCE AND REPAIR SYSTEMS 
TYPE OF PROBLEM 
0 
''e 
DETECTION TOOLS-EQU I PM ENT 
CAS1 NG ROLLER 
SWAG E CALIBRATION WITH 
ROCK BIT, 
ALUMINUM GLOBES 
IMPRESSION WITH 
AND M I  LLS 
LEAD SEALS ROCK BIT, MILLS 
ROTARY SHOES 
C A L I  BRATIONS ROCK BIT AND 
SCRAPER LOW STEAM PRODUCTION 
HYDRAULIC TEST INSPECTION AND CALIPER LOG PACKERS 
CHEMICAL ANALYSIS C.F.E. EQUIP 
CEMENT BOND LOG SCHLUMBERGER CO. 
VISUAL OBSERVATION PUMPING EQUIPMENT 
T A B L E  3 
RESULTS 
SUCCESSFUL WHEN 
THE COLLAPSE IS 50% 
INSIDE CASING. 
BROKEN ZONE IS MILLED 
TO RUN AND CEMENT CASING 
THE PROBLEM IS SOLVED 
WITH THE RESULTS OF THE ANALYSIS 
SOFT AND COMPACT SCALE 
IS SCALED WITH THESE TOOLS 
CSG. IS RUN ANDCEMENTED" 
THE RESULTS OF THE ANALYSIS 
DETERMINE TO EXPLOIT OR NOT 
THE RESERVOIR 
CEMENT OR MUD IS INJECTED 
TO RESIST ABNORMAL RESERVOIR 
, L '  PRESSURES ' 
WELL Ng 
M- 8 
M- I3 
BLOW OUT W E L L S 
S T A T E  O B S E R V A T I O  N 
VALVES TREE AND CASING WELL HEAD 
7 5 / 8 " 0  LINER BROKEN WAS WELDED 
THE STEAM SCAPE0 MUD WAS INJECTED 
OUT OF C A S I N G S  CEMENT PLUGS 
MUD W A S  THE WELL W A S  BEING. 
M- 38 REPAIRED 
THE WELL WAS BEING 
M- 46 WASHED 
I N J ECTED 
MU0 W A S  
INJECTED 
T A B L E  4 
c 
C WELL MAINTENANCE AND REPAIR * 
COSTS IN CERRO PRIETO AREA 
P E RC ENTAG E KIND OF REPAIR 
MINOR REPAIR TO RECOGNIZE AND TO CLEAN 
CASING AND LINER 8 O/o 
MAJOR REPAIR TO RUN AND CEMENT CASING OR 
TO .HANG LINER 
WELLS RECOVERED = 
WELLS ABANDONED 
OR IN STUDY - - 
24 % 
20 
7 
NOTE: WELL CONSTRUCTION COSTS 
IN NORMAL CONDITION - - 
TABLE 5 
1'100,000 D L S .  
CONCLUSIONS AND RECOMMENDATIONS 
THE CREATION O F A  GEOTHERMAL COMPLEX CALLS FOR 
A MAINTENANCE AND REPAIR DEPARTMENT WITH 
TRAINED PERSONNEL TO SOLVE ANY PROBLEMS 
RELATED TO GEOTHERMAL WELLS. THE TRAINING OF 
PERSONNEL HELPS TO MAKE BETTER JOBS. 
THE STEEL AND 
TO WITHSTAND 
CEMENT QUALITY MUST BE IMPROVED 
HIGH TEMPERATURES AND ABNORMAL 
PRESS U RES . 
TABLE NO6 
kd 
R E CT I ON S 
INSTA 0 HEAD 
ER 
FIG. N2 I 
VA LV E 
-\ GROUND 
LEVEL 
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WELL M - 4 5  
TUBULAR PROFILES AND DAMAGES DETECTED 
0 RIG I N AL CON STRUCT ION 
7 
CSG. 16"0 t 
646' 
CSG. I I  3/4"0- 
24 10' 
CSG. 7 5/8"0- 
r 
HOLE 20" 0 
a .  
2 
HOLE 15"0 
Y 
I HOLE IO 5/8"0 
T;T 
1 1 1 '  
I t  
I I  
456 I l ( I j  
ANOMALIES FOUND (REPAIR) ACTUAL COMPLETION 
LINER HANGER 
3768'  
$ CORROSION LOST METAL  COLLAPSE-BREAK CEMENT JCEMENT DEGRADATION 
TUBULAR PROFILES AND DAMAGES 
W E L L  M - 5 3  
OR1 GI NAL CONSTRUCTION ANOMALIES FOUND (REPAIR) 
SCALE 0 COLLAPSE 
DETECTED 
ACTUAL COMPLETION 
LINER 
I G .  NC 
/ CEMENT DEGRADATION  CORROSION AND LOSS OF METALS 
1 1 ROLLED SECTION CEMENT 
I-' 
\D 
I 
I-' 
$ 0 3  WELL M-103 
TUBULAR PROF1 LES AND DAMAGES DETECTED 
ORIGINAL CONSTRUCTION 
6611' 
BSCALE 
ANOMALIES FOUND( REPAIR) ACTUAL COMPLETION 
H 
FIG N C  4 
CORROSION =BREAK  CEMENT 
c 
WELL M - 3  
TUBULAR PROFILES AND DAMAGES DETECTED 
ORIGINAL CONSTRUCTION 
86 IO' 
6560' U FIG. NC5 
COMPLETION 
8 CORROSION- LOST METAL @COLLAPSE-BREAK CEMENT > C E M E N T  D E G R A D A T I O N  
P u 
I 
BSC ALE 4% .,:.* THERMIC ABNORMALITY E EXTERNAL CORROSION 
VALVES TREE EVOLUTION IN CERRO PRIETO 
GEOTHERMAL WELLS 
S T A G E  I S T A G E  I1 
FIGURE N g 6  
@ CONDUCTOR CSG. 16" 0 
@ L A T E R A L  INLET L INE 2"0 
0 CSG. WELLHEAD 16" 0 
@ STUFFING BOX 
@ ANCHORA CSG. I I  3/4"0  
@ CSG. WELLHEAD I I  3/4"0 X 12"0 
@ EXPANSION SPOOL II 3/4"X 8"0 
@ VALVE 2" 0 
@ MASTER VALVE 8 "0  
i 
S T A G E  Ill S T A G E  I V  
@ MASTER VALVE 8"0 
@ GATE V A L V E  2"0 
@ EXPANSION SPOOL 12"0X8"0 - 
@ MASTER VALVE 8'0 S-900 
@ EXPANSION SPOOL 12'0X 8"s 
3000 A P I  
@ CASING WELLHEAD II 3/4"0X12"0 @ WELDED CASING WELLHEAD 3000 API  - II 3/4"0 X 12"0 
CSG. 7 5/8"0 
(@ CSG. II 3/4" 0 @ GATE VALVE 2"0 
@ CSG. l6"0 
@ 0 R I N G  
@ PRODUCTION PIPE CENTRALIZER 
c 
